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IJse of Radar Backscattcr to lnfcr Aerodynamic Roughness
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Aeolian  trampor[ of small par[iclcs depends on wind flow and is an important
quantity to measure for several  economic-mlated  reasons. If some estimate of wind
regime could  be made from remotely-txmscd data, important gco]ogical and cmlogical
problems on ]jarth  and other planets  could k addressed,

‘1’hc effect of rcmghness  on t}~c wind field is pammeterimd  in terms c)f the
aerodynamic roughness Xo, a scaling length that, for a given surface, measures the
height at which the wind spcwc]  should bccomcs  zero  due to the effect of surface
topography. Since in fact the wincl speed never rcachcs  zero cvcm at the surfxw, a
more practical parameter is aerodynamic roughness, tbc height  at which
extrapolation of the wind speed rcac}~cs  mm. Microwave reflectivity is a function of
tbc radar parameters used and [he surpacc properties (surface topograp}ly  and
complex dielectric constan[).  lkm modest topography and  typical materials, the
roughness at or near the radar wavclcmgth dominates.

Since both radar and wind flow respond directly to surface roughness, it is
reasonable to suspect that a fairly well-bchave(i quantitative rclatimship might exist



.

bctwccw ncmnalimcl radar backseat la- cocfficicmt}  0°, and Z. [ Ilfahy cl al., 1982].
‘1’hcm  arc, however, also reasons to suspect that such a relationship might be limited.
‘1’he l<adar  and Aeolian Roughness l’rojmt  (RAW’) has been formed in order to
jnvcsligate  whct}lcr  such a relationship exists, 10 clcterminc  the relationship(s) over
a variety of surlacc  types, and to seek a thcwretical  basis from which  to extend  t}~c
relationship to surfidcm that cannot bc directly cxaminccl [ Grccky  c1 al., 1 991].  Wc
have cc~llcmed wind data using towers instrumented with anemometers in both desert
and vcgc[atccl  areas, and have overflown these same  sites  with the NASA DC-8 aircraft
fitted with All<SAl{, a three frcqucmcy,  pc)larimct  ric SAR developed by J]’], operating
at 1’, 1. and C bands [Ihw]s cl al., 1986;  Vog{, and  Kot)rick,  1991].  Multiple overflights

of each site crcatcd  a data set from which c/’ can be calculated at multip]c  jncidence
angles, frcqucncics  and polarizations. lkscrt  sites were chostm on lava flows,
alluvial fms dominated by sand and gravel of differing ages and rough nesscs,  and on
a silt-clay ]daya.  Onc vegetated  site in llmmark  includes a variety of tree and crop
types (barely, rape, beet, peas and grasses and a s[and  of Spruce trcws). Surface
roughness height  varies from ccwtimctcn  to several  meters, and the corresponcling’
roughness lmgths arc X. =- 0.001 to ().75.

CI’he resultant relationship of 0°10 x(, shows for seven of the vcgctatcd  areas (the
agricultural fields) the radar backscattcr  values of the same order  of magni[udc  (in
d]]), and the Spruce  site is much brighter. Although all of the vcgctatcxi sites arc
both  brighter in backscatter  and roug}lcr  than the previous study, t}lcrc is an
Wc!rd]] good corrc]ation  bc!twcwn  the two data sets. Coefficient of fits (1<2) is 0.79 for
the mtirc plot,

l’ar(s  of the rcxcarch  dcscribcd  jn this paper  was carried out by the Jet l’r-opulsion
1 aboratory,  California institute of ‘1’cchnology,  under  contract with the National
Amonautics  and Space  Adminis t ra t ion .  --
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